Some Campylobacter spp. are recognized as a cause of human and animal diarrheal diseases (1, 3-5, 10, 12) . It has been demonstrated that a number of virulence-related factors, such as toxin, adherence, or invasiveness, are associated with pathogenesis; however, the contribution of these factors has not been formally demonstrated. Although Campylobacter jejuni has not been considered to be hemolytic on blood agar (11) , some Campylobacter spp. have been reported to produce a hemolysin (2, (6) (7) (8) which may be related to virulence. However, different studies have produced conflicting results regarding the hemolytic activity, and it has not been determined whether the hemolysin is secreted or cell associated. We found that alpha-like hemolysis was detected when the organisms were microaerobically cultured with high concentrations of CO 2 in the gas mixture and beta-like hemolysis was observed after prolonged incubation (from an unpublished observation). In this study, we investigated the appropriate culture conditions for detecting hemolytic activity from C. jejuni.
A total of 40 strains of C. jejuni (29 human and 11 nonhuman strains) were used for the detection of hemolytic activity. All human strains were isolated from separate outbreaks of campylobacteriosis and included at least 21 serotypes (9) . Animal strains were isolated from feces of healthy cattle, chickens, dogs, and cats. Streptococcus pyogenes (JCM5674) and Streptococcus pneumoniae (L) were used as a beta-hemolysin and an alpha-hemolysin producer, respectively.
All strains were initially cultured on blood agar base no. 2 (BAB) (Oxoid) plates containing 5% horse blood at 37ЊC for 48 h under a gas mixture of 10% CO 2 , 5% H 2 , 5% O 2 , and 80% N 2 . A loopful of bacteria of each strain was inoculated into brucella broth (BBL) and incubated at 37ЊC for 48 h under microaerobic conditions as described above. The broth culture was then diluted with 1 mM phosphate-buffered saline (pH 7.2) to 10
Ϫ4
. When a loopful of the dilution was cultured on a plate, a single colony was formed under these conditions determined in preliminary tests. A maximum of six strains was tested on one plate. After incubation, strains showing a green zone around the colony were judged to have alpha-hemolyticlike activity (␣-HLA) and those showing a transparent zone were considered to have beta-hemolytic-like activity (␤-HLA). To determine the optimal conditions for C. jejuni to detect LHA, the following culture conditions were changed and hemolytic activity was compared: culture temperature (37 and 42ЊC), incubation period (from 1 to 7 days), medium pH (5.0 to 8.5), CO 2 concentration in the gas mixture (from 6.6 to 72.4%), basal medium (BAB, brucella agar ) and supplemented blood (rabbit, human, bovine, sheep, goat, horse, or chicken blood). Ten to 12 strains of C. jejuni, including some from human or animal sources, were used in this study. The composition of each gas was calculated with a pressure gauge with atmospheric volume at a standard temperature and pressure, and atmospheres containing 20% oxygen. Hydrogen was not used in this experiment. The pH of the medium was measured with a CARDY C-1 pH meter (Advantec Toyo Ltd., Tokyo), which is able to measure pH in an agar block.
All strains were screened for the hemolytic activity under the optimal conditions determined by the preliminary tests as de-* Corresponding author. Phone: 0985-58-2811. Fax: 0985-58-2884. . Hemolytic activity was observed through the glass wall without opening the jar at 24-h intervals for 7 days. S. pneumoniae L and S. pyogenes JCM5674 were incubated under the same conditions, except that the inoculated plates were incubated only at 37ЊC, and no special atmosphere was provided. ␣-HLA was clearly apparent when the medium pH ranged from 6.0 to 6.5. When the medium pH was lower than 5.7 or higher than 7.2, ␣-HLA was not detected even though the bacteria could grow on a blood agar plate. Reduction of the pH by the addition of CO 2 to the medium was more effective than addition of HCl in inducing the appearance of ␣-HLA (Table  1) . In contrast, ␤-HLA could not be detected after 48 h of incubation, irrespective of the initial pH of the medium or CO 2 concentration of the gas mixture. In a time course study over a 7-day period, ␣-HLA appeared after 48 h of incubation at 37ЊC or after 24 h of incubation at 42ЊC (Table 2 ; Fig. 1A) . Further incubation at both temperatures resulted in disappearance of ␣-HLA (Fig. 1B) . After incubation for 3 days at 42ЊC or 6 days at 37ЊC, ␣-HLA was replaced by a transparent zone only immediately beneath the bacterial growth but not around it (Fig.  1C) . It was concluded that this appearance and disappearance of ␣-HLA were correlated with rinsing medium pH associated with the bacterial growth (Table 2) . However, the appearance of ␤-HLA was not correlated with medium pH. ␤-HLA was observed only after long-term incubation, never in an early phase of growth. S. pneumoniae and S. pyogenes used for the positive control showed a green zone or a transparent zone, respectively, around the colony throughout the incubation period (Fig. 1) . Both ␣-and ␤-HLA were observed with all animal blood used in this study. BAB and NA supplemented with human or rabbit blood were particularly suitable for the detection of ␣-HLA. BAB, NA, BHIA, and BRA were excellent for the detection of ␣-HLA, but only weak hemolytic activity, if any, was observed in HIA or MHA medium (Table  3) . However, there were no differences in appearance of ␤-HLA between the media. All strains of C. jejuni used in this study showed ␣-and ␤-HLA under the optimal culture conditions. Medium pH around 7.0 and 10% CO 2 concentration have been adopted by many laboratories for the cultivation of Campylobacter strains. However, ␣-HLA could not be detected under these culture conditions. We found that the appearance of ␣-HLA was dependent on medium pH and that lowering the pH by addition of high concentration of CO 2 to the gas phase resulted in its detection. It was not clear whether hemolysinlike substances were not produced at high pH or whether Campylobacter ␣-HLA did not appear under these conditions even if they were produced. Furthermore, we have not concluded whether the green or transparent zone is true hemolysis or whether the ␤-HLA detected in this study is identical with that reported by other researchers (2, (6) (7) (8) . It was clear that a secretion from C. jejuni reacted with erythrocytes and resulted in the green zone around the colonies. The reaction with erythrocytes might be reversible or occur only under special conditions. Purification and characterization of products of this hemolytic activity are required to clarify these controversies about the hemolytic activities of Campylobacter strains.
